Abstract This study aimed to examine the reliability and sex-and age-related differences of step tests with stipulated tempos as well as to clarify useful test parameters and tempos. One hundred forty elderly people and fifty young adults conducted tapping and stepping tests, matching the tempo provided by a metronome. Both tests involve movements where the subject touches a sheet with both the right and left hands or right and left legs at a designated spot. Evaluation parameters were the time difference between the beep sound and the time at which the sheet was touched in both tests as well as two-leg support and one-leg support times in the step test. The trial-to-trial reliability of the parameters in both tests was high. The time differences of both 40 bpm tests in the elderly were larger in males than in females. In the step test, the time difference and two-leg support times of the elderly were larger, in the order of 40, 60, and 120 bpm, and the oneleg support time was less in 40 bpm than 60 bpm or 120 bpm. The one-leg support time of the young subjects was larger, in the order of 40, 60, and 120 bpm. A significant age-related difference was found in the 40 bpm and 60 bpm test, and the time difference and two-leg support time were larger in the elderly while the one-leg support time was larger in the young subjects. The time difference at 40 bpm in the elderly was larger in the step test than in the tap test. There was no significant difference between both tests in the young subjects. In conclusion, the step test with the slow tempo, because it requires a long one-leg support phase, is effective for evaluating dynamic balance in the elderly. The time difference and two-leg and one-leg support times are effective evaluation parameters of the step test.
Introduction
Dynamic balance is the ability to maintain stability of posture during movement, and is decreased by hypofunction of the skeletal muscle and sensory organ systems with age. Dynamic balance is very important in achieving the basic movements of daily life, and its decrease is largely related to falling in the elderly (Isles et al., 2004) . Instability of posture in the standing position and during basic movements not only increases the falling risk of the elderly but also largely influences their quality of life by restricting their activities in daily life (Legter, 2002; Cumming et al., 2000) . Until now, to predict falling, dynamic balance ability has been measured using various methods in the laboratory and in clinical settings (Patla et al., 1997) . Typical tests include the Berg Balance Scale (BBS) (Berg et al., 1995) , Tinetti Performance-Oriented Mobility Assessment (POMA), (Tinetti et al., 1986 ) and the Timed "Up & Go" Test (TUGT) (Podsiadlo and Richardson, 1991) . However, these tests were developed mainly to evaluate the life of the elderly in a nursing home setting. Hence, they are not effective for estimating the falling risk of the healthy elderly (O'Brien et al., 1998; Boulgarides LK et al., 2003) . In addition, because any test consists of plural movements, ample space and sufficient measuring time are necessary. Hill et al. (1986) and Nakada et al. (2002) proposed a dynamic balance ability test with high simplicity and safety, using a stepping movement on a spot. Although steps in the above test do not use forward movement, this movement is necessary to shift the body's center of gravity to the left or right leg alternately, similarly to walking. In short, the ability to support the body weight by one leg is required. In addition, although the step test conducted with a usual walking tempo is relatively easy, due to the semi-automatic motion produced by the central pattern generator, the step test with a very slow or quick tempo is very difficult even for the healthy elderly.
In this study, to examine the effectiveness of the step test to evaluate dynamic balance ability, the following hypotheses were set. 1. When tapping using arms or stepping using legs with the same tempo, the elderly have more difficulty matching the tempo in the stepping portion, shifting their center of gravity, than in the tapping portion. 2. The step test with a slower tempo than the usual walking tempo requires a longer one-leg support time. Hence, the elderly have difficulty matching the tempos and need longer two-leg support times. 
Experimental procedure
A 120 bpm tempo (40 times/20 s) is reported to be the most efficient interval (0.5 s) during walking (Toyama and Fujiwara, 1990) . 60 bpm and 40 bpm tempos, which correspond to 1/2 and 1/3 intervals of 120 bpm, were selected as slower tempos. To eliminate an order effect, both tests were randomly allotted to each subject. After one practice run, they performed each test for 20 s twice with a 1 min rest. 1.
Step test (Fig. 1-1) The subjects stood on the step-sheet and stepped with their left or right foot alternately while matching the above-stated tempos.
Tap test (Fig. 1-2)
The subjects stood before the step-sheet laid on the table and tapped their left or right hand to the step-sheet alternately while matching the above-stated tempos.
Experimental instrument
A gait analysis meter (Walkway MG-1000, Anima and Japan) was used to evaluate the tapping and stepping abilities. When the subject's palm or foot touches the seat, analysis information can be recorded to a personal computer as a digital signal. The frequency of sampling was 100 Hz.
Evaluation parameters
Referring to previous studies (Nakada et al., 2002) , the time difference in the step and tap tests with a stipulated tempo was selected as an evaluation parameter. In addition, one-and twoleg support times were selected in the step test as evaluation parameters. The time difference was defined as the difference between the metronome sound of each tempo and each subject's tap/step. The mean time difference was calculated by dividing the total time difference for 20 sec by the total tap/step number. One-and two-leg support times are the duration of either leg or both legs touching the ground during the step. Both parameters were calculated by dividing the total time for 20 sec by the total step number. One-leg support time is the time when the subject stands with one leg during stepping for 20 s. 40 bpm of a 1.5 s tempo is, in general, longer than 120 bpm of a 0.5 s tempo by a factor of about 3 (Fig. 2) . Hence, in statistical analysis, the one-leg support time in 40 bpm and 120 Fig. 1-1 Step test. bpm was standardized by the time (1.0 second) of 60 bpm. In short, it was divided by 1.5 s in 40 bpm, and by 0.5 s in 120 bpm.
Data Analysis
The trial-to-trial reliability of each parameter was examined using the intra-class correlation coefficient (ICC). Three-way analysis of variance (ANOVA) (sex, age-level and movement) for repeated measures was used to test the mean differences between both tests. Multiple comparison was examined by Tukey's HSD method. The probability level of 0.05 was indicative of statistical significance. Table 1 shows the ICC for each parameter. ICCs for the elderly (ICCϭ0.70-0.92) and the young (ICCϭ0.70-0.90) were relatively high. There were significant trial-to-trial differences in the time difference and one-leg support time for the step test in the elderly, but their effect size (ES) was very small (0.01-0.02). Hence, a mean value of 2 trials was judged to be valid as a representative value. Table 2 shows the test results for sex-and age-related differences of the time difference in the step and tap tests. In both tests there was no significant difference between tempos in the young, but the difference was significantly larger in the elderly in the order of 40, 60, and 120 bpm. Any tempo in both tests showed a significant difference in the elderly, but not in the young. In the (Table 2 ). Figure 3 shows the test results of three-way ANOVA for the step test time difference. Differences between tap and step tests were significant at 40 bpm in the male and female elderly, with larger differences in the step than the tap test. However, significant differences were not found in the young. Table 3 shows the test results of three-way ANOVA for one-and twoleg support times. They showed a significant sex difference in the elderly and the young. Significant differences between tempos in two-leg support time were only seen in the elderly, being larger in the order of 40, 60, and 120 bpm in both sexes. The one-leg support time showed a significant difference between tempos (40, 60, and 120 bpm) in the elderly and the young. 40 and 60 bpm were larger than 120 bpm in the young males and females, 40 bpm was smaller than 60 and 120 bpm in the male elderly, and 40 bpm was smaller than 60 bpm in the female elderly. The one-leg and two-leg support times showed a significant age-related difference. The elderly had smaller values in the latter test at 40 bpm and in the former test at 40 and 60 bpm.
Results

Discussion
The time difference showed significant sex differences at 40 and 60 bpm in the tap test and at 40 bpm in the step test. Nakada et al. (2002) performed the step test using elderly subjects over 70 years of age and reported that both males and females showed a decrease of achievement times with age. Furthermore, they reported a large sex difference in the oneleg support step (stepping back/forth or stepping right/left with one leg while the other leg supports the body) with high difficulty as compared with the two-leg step (stepping back/forth or right/left alternately by both legs). Also in this 566 Effective Tempo of the Step Test for Dynamic Balance Ability in the Elderly Fig. 3 Results of three-way analysis (sex, age and tempo) in both tests. , 2001 ). Hence, females may be superior in leg strength or balance ability to males in the oldest-old category. Dynamic balance ability is judged to be superior when the time difference and two-leg support time are less and the one-leg support time is larger in the present step test. The elderly were inferior at the slower tempo than at the 120 bpm usual walking tempo. Nakada et al. (2002) compared the two-leg support time of the step test between the elderly groups 75 years old and over 75 years old and reported that the latter group's value was significantly longer. Sugano et al. (2004) reported that due to decreasing leg strength and equilibrium with age, the two-leg support time becomes longer to keep postural stability during movement. The one-leg support time in this study was longer in the test with the slow tempo in the young but shorter in the elderly. Since, in spite of the slow tempo, the elderly one-leg support time did not increase, it can be concluded that they experienced difficulty keeping a stable posture with one leg, and the two-leg support time consequently became longer. The time difference between the step and tap tests was significant only at the 40 bpm tempo in the elderly. 120 bpm showed a significant time difference in neither the elderly nor the young. In short, the young did not show a significant difference between tap and step tests, and the elderly did not show a significant difference at the fast 120 bpm tempo similar to normal walking tempo. In daily life, the arms are mainly used to regulate various fine movements. In contrast, the legs are mainly used for walking, which requires a shifting of the center of gravity of the body to the left and right alternately. Therefore, for the elderly, stepping at 40 bpm, which requires a long one-leg supporting time, the time difference between stepping of the legs becomes longer than between tapping of the arms. Bernstein (1967) reported that the stepping motion resembles the walking motion and that adults can achieve both motions easily. Toyama and Fujiwara (1990) reported that the fastest tempo of 120 bpm selected in this study is close to walking tempo and provides high stability. The present results suggest that 120 bpm in the elderly, just as in the young, is the tempo needed to be able to achieve stepping stability. A significant difference was found between the tap and step tests at the slowest 40 bpm tempo. Hence, the elderly can easily achieve movements at the 40 bpm tempo using their arms but have greater difficulty performing movements using the legs only. From the present results, the hypotheses in this study have been supported. In conclusion, an effective tempo for the step test to evaluate dynamic balance in the elderly is 40 bpm or 60 bpm, which are both slower than the usual walking tempo. In addition, the time difference and two-and one-leg support times are effective evaluation parameters of the step test.
